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Abstract: The growing stock assessment of three different teak forest stands (Tuirial: 500 m asl, Sairang: 200 m asl and Phunchawng: 550 m asl) 
was done in 2006 in Mizoram, India. Five diameter classes were arbitrarily established for knowing the volume attribute data and popula¬ 
tion structure, viz. a (10-20 cm), b (20-30 cm), c (30-40 cm), d (40-50 cm), and e (50-60 cm). Results revealed that the density of the in¬ 
dividuals among the studied stands varied from 280 stems/ha to 620 stems/ha. The average diameter of all the individuals ranged between 
27.48 cm and 35.43 cm. Similarly, the average height was oscillated between 17.87 m and 22.24 m. The total basal area was recorded be¬ 
tween 24.28 nf-ha' 1 and 45.80 nf-ha' 1 . The maximum and minimum values of total growing stock under all the diameter classes were 
669.01 nf-ha' 1 and 284.7 nf-ha' 1 , respectively. The representation of population structure of different stands explained that the perpetua¬ 
tion of this species was ensured for a quite long time. 
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Introduction 

Teak (Tectona grandis Linn f.) is a large deciduous tree species 
that mature plants can reach 30 to 40 m height and 2 m diameter. 
It can grow in a wide variety of soils, tolerate a wide range of 
climates, and have best growth under the conditions that the 
minimum monthly temperature is above 13°C and the maximum 
monthly temperature is below 40°C. Optimal rainfall for teak 
ranges between 1 250 and 3 750 mm per year, however, for the 
production of good-quality timber the species requires a dry sea¬ 
son of at least four months with less than 60 mm precipitation 
(Kaosa-ard 1981). Teak occurs on a variety of geological forma¬ 
tions such as trap, limestone, granite, gneiss, mica schist, sand¬ 
stone, quartzite, conglomerate, shale and clay (Tewari 1992). It 
usually grows on the soils with a pH range of 6.5 to 7.5. Below 
pH 6.0 it is absent and beyond pH 8.0 it suffers stress in growth. 
Altitude plays an important role in the plant growth. Normally 
teak does not grow at altitude of over 900 m and the plant vigour 
decreases over 750 m (Takle and Mujumdar 1956). Similarly 
aspects of the locality also affect the plant’s growth and the 
plants grow better on the cooler northern and eastern aspects than 
on the hotter southern and western ones (Seth and Yadav 1957). 
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The wood of teak is used for furniture, flooring, joinery, trim, 
doors, paneling, carving, musical instruments, turnery, vats, boat 
masts and decks, railway sleepers, mine props, fuel, and fence 
posts (Nair and Chavan 1985; Tiwari 1992; Bhat 1995; Brennan 
and Radomiljac 1998; Trockenbrodt and Josue 1998; Priya and 
Bhat 1999; Bhat 2000; Bailleres and Durand 2000; Kokutze et al. 
2004). The heartwood of teak is golden brown with a distinct 
grain and has a specific gravity of 0.55 (Longwood 1961). 

Teak is native to India, Myanmar, Thailand, and Laos, and is 
the most important silviculture tree species in the tropics (Troup 
1921). Teak is one of the most extensively planted tree species in 
the tropics, constituting about 6.0 million ha plantation area 
worldwide (Bhat and Hwan Ok Ma 2004). Approximately 94% 
plantations of this net area are located in Tropical Asia, with 
44% in India and 31% in Indonesia. The plantations of other 
countries in the region contribute significantly with 7% in Thai¬ 
land, 6% Myanmar, 3.2% Bangladesh and 1.7% Sri Lanka. The 
area of teak plantations in Tropical Africa is about 4.5% of total 
area of teak plantations and the rest are in Tropical America, 
mostly in Costa Rica and Trinidad and Tobago (Pandey 1998). 
The plantation forests of 5.3 million ha teak in Asian Pacific 
region have been managed under 35 to 80-year rotations, yield- 
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ing 5 to 20 m -ha' -year' , while 310 000 ha plantations in Africa 
are harvested at 20-year rotations, yielding between 4 and 13 
m 3 -ha' 1 -year' 1 (Bhat and Hwan Ok Ma 2004). 

Growing stock is an important parameter required for sound 
forest management and planning. General information about the 
stock available per unit area is the key information desired for 
forest inventories, where the empirical diameter distribution of 
stand is not measured (Bhatt et al. 2002). The diameter distribu¬ 
tion models are used to obtain estimates of tree size and distribu¬ 
tion. The predicted distribution is needed for further computation 
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of stand volume characteristics using tree-wise height and vol¬ 
ume models (Gray 1956; Larson 1963). The distribution of 
growing stock percentage under various diameter classes in 
even-aged and uneven-aged forests is an essential prerequisite 
for sound forest management practices (Paivinen 1980; Little 
1983; Maltamo et al. 1995), the development of yield models 
(Nunifu and Murchison 1999; Corona et al. 2002; Bermejo et al. 
2004) and estimation of carbon concentration (Kraenzel at al. 
2003; Yamada et al. 2004). 

Taking all the above facts into consideration, the present study 
is aimed to understand the structural attributes and growing stock 
variations in three different aged plantations of T. grandis estab¬ 
lished at different locations in Mizoram, India to forecast the 
harvests from existing plantations and to make management 
recommendations for the use in planning production. 

Materials and methods 


Climate of study area 

The climate of the area is characterized by high relative humidity 
nearly all year round and abundant rainfall. The cold season is 
from December to February, the spring and summer season from 
March to May, the rainy season from June to September and the 
rest, October and November constitute the autumn season. The 
records of rainfall reveal that it varies greatly from place to place. 
The annual rainfall of the study area during the last decade 
ranged between 1 850 to 2 090 mm. However, in the year 2006 it 
was quite low, i.e. 1 642.65 mm (Fig. 2). Rainy season contrib¬ 
utes about 60 to 70 percent of the annual rainfall. Mean mini¬ 
mum and maximum temperatures of the study area in January 
were 11.16°C and 24.72°C, respectively, in June 17.71°C and 
20.10°C, and in August 20.47°C and 28.63°C, respectively. 


Study sites 

This study was conducted in 2006 by selecting various planta¬ 
tions of teak in three different sites, viz. Tuirial (500 m asl), 
Sairang (200 m asl) and Phunchawng (550 m asl) of Aizawl 
district of Mizoram (Fig. 1). Mizoram is located at the extreme 
southern part of North Eastern Hill (NEH) region in India be¬ 
tween 21°5' to 24°30' N latitude and 92° 15' to 93°29' E longitude. 
The terrain is hilly and mostly undulate with the elevation range 
up to 2 300 m asl. 



Fig. 1 Location map of the study area 
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Fig. 2 Climatic diagram of the study region 


Vegetation composition 


The vegetation of this region is described as tropical moist forest 
(Champion and Seth 1968). Teak is growing as a monoculture in 
the three sites studied; however, the vegetation composition of 
the surrounding forest in different sites is different. At Tuirial the 
vegetation composition is Gmelina arborea , Erythrina stricta , 
Ficus cunia , F. hirta , Michelia champaca , Toona ciliate , Termi- 
nalia tomentosa. Sairang site exhibits Artocarpus heterophyllus , 
Aegle marmelos , Bauhinia variegate , Cassia fistula , Melocanna 
baccifera , Schima wallichi , Sysygium cumini. The forest compo¬ 
sition at Phunchawng is composed of Azadirachta indica , E. 
stricta , Erythrina indica , F. Cunia , Gmelina arborea , Sturculia 
villosa. 


Field methods and data analysis 

The volume attribute data were obtained by using stratified ran¬ 
dom sampling techniques of the forest stands. The sampling of 
the forest stands was done by setting five sample plots of 0.1 ha 
size selected randomly in each site. The tree height and diameter 
at breast height were measured individually within the sample 
plots. The measurements of individual trees were summed as 
total volume for the plot. The measured data were extrapolated to 
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find the growing stock per ha in each site studied. To observe the 
population strength and area occupied by trees in each sample 
plot, the population density and basal cover were calculated as 
Curtis and McIntosh (1950) and Misra (1968). 

The volumes of individual trees under different diameter 
classes, i.e., 10-20, 20-30, 3(M10, 40-50, 50-60 and > 60 cm 
have been calculated by using the following volume equation 
adopted from the Forest Survey of India (FSI 1996). The general 
volume equation for teak is as follows: 

V= 0.008690 + 0.32305 \xD 2 xH (1) 

Where, V is the volume of individual tree, D the diameter at 
breast height, and H is the height of tree till the last branching 

By means of statistical calculations the total timber volume 
was estimated for the entire forest. The output of statistical ex¬ 
trapolation will give only the numerical extrapolated timber 
volume for each stand. Summing up all individual trees gave the 
total timber volume existing within the sample plots. The 
summed timber volume in each sample plot has been calculated 
in terms of volume in cubic meter (m 3 ) per hectare. The opera¬ 
tional equations for all computation of statistical means are as 
follows (Cochran 1977): 

Vsp = I V t (2) 

i= 1.. .n, number of tree measured within sample plot, 

kp/z = vxlOOOO/ a (3) 

where V t is the volume of single tree, V sp the total timber vol¬ 
ume within sample plot, and V ph the timber volume per hectare 
area under the sample plot. 

The population structure in different sites was determined by 
using standard techniques of Curtis and McIntosh (1951). Five 
diameter classes were arbitrarily established for knowing the 
population structure, viz. a (10-20), b (20-30), c (30-40), d 
(40-50), and e (50-60). The number of individuals in a given 
size class was divided by the total number of individuals in all 
size classes, and multiplied by 100 to obtain percentage density 
for each size class (Knight 1975). 

Results and discussion 

A critical review on the data across all the sites revealed that the 
density of trees varied significantly among the sites. As shown in 
Table 2, the minimum density (280 stems/ha) was recorded at 
Phunchawng forest stand, followed by Sairang (410 stems/ha) 
and Tuiria (620 stems/ha) forest stands. The average diameter of 
all the individuals in each forest stand was maximum (33.25 cm) 
at Phunchawng forest stand, followed by Tuirial (30.43 cm) and 
Sairang (27.48 cm) sites. Similarly, the average height was also 
maximum for Phunchawng site (22.24 m) and minimum for 
Sairang site (18.67 m). The total basal area among all the studied 
sites was recorded as 24.30, 24.28 and 45.80 m 2 /ha for Phun¬ 
chawng, Sairang and Tuirial sites, respectively (Table 2). The 
maximum value (669.01 m 3 /ha) of total growing stock under all 
the diameter classes was observed at Tuirial where maximum 
density (620 stems/ha) and total basal area (45.80 m /ha) values 
were also recorded and minimum growing stock values (284.7 
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m 3 /ha) was recorded at Phunchawng site with the lowest density 
(280 stems/ha) and total basal area (24.30 m 3 /ha) values (Table 2 
and 3). 


Table 2. Observed variables of stand features of Tectona grandis at 
three locations 


Variables 

Tuirial 

Sairang 

Phunchawng 

Altitude (m, above mean sea level) 

500 

200 

550 

Slope (°) 

27 

18 

30 

Age of plantations (year) 

20 

25 

30 

Stems per hectare (stems/ha) 

620 

410 

280 

Mean diameter (cm) 

30.43 

27.48 

33.25 

Mean height (m) 

20.65 

18.67 

22.24 

Total basal area (nf-ha’ 1 ) 

45.80 

24.28 

24.30 


Table 3. Growing stock (m 3 /ha) of Tectona grandis under different 
diameter classes on three different forest stands at various locations 


Diameter 

class 

3 1 

Growing stork (m -ha’ ) 

Tuirial 

Sairang 

Phunchawng 

10-20 

13.0288 

28.7349 

3.1051 

20-30 

179.4053 

29.0567 

21.3411 

30-40 

217.8907 

84.2399 

96.0631 

40-50 

167.247 

189.0604 

87.4941 

50-60 

91.4364 

106.7081 

76.2618 

Total 

669.0082 

437.8000 

284.2652 


The values of growing stock in the present study were compa¬ 
rable to the values recorded for other regions. In Costa Rica, 20- 
and 30-year old teak plantations exhibit 42.24 m 2 /ha and 57.80 
m 2 /ha total basal area, respectively, and 695 m 3 /ha and 770 m 3 /ha 
growing stock, respectively (Perez 2005), which are higher than 
the values of this study for similar aged plantations. Hiratsuka et 
al. (2005) recorded that total basal area and growing stock values 
for 17 and 20 years old teak plantations at Lampang (North 
Thailand) were between 15.3-17.5 m 2 /ha and 116.9-139.6 m 3 /ha, 
respectively. The recorded values are lower than the values ob¬ 
served in this study for a 20-year old plantation at Tuirial (Tables 
2, 3 and 4). A highly significant (<0.0001) positive power trend 
of regression correlation was observed volume versus height and 
diameter of the tree in all the studied sites. 

In India, teak is grown in the States of Madhya Pradesh, Ker¬ 
ala, Maharashtra, Tamil Nadu, Uttar Pradesh, West Bengal, Bi¬ 
har and Karnataka. Volume and yield tables for these states were 
established by Laurie and Ram in 1939 for the first time. Growth 
studies were also conducted in Andaman, Andra Pradesh, Guja¬ 
rat, Karnataka, Kerala, Madhya Pradesh and Maharashtra. The 
yield figures in India at the age of 50, 70 and 80 years are 417 m 3 , 
510 m 3 and 539 m 3 , respectively (Tiwari 1992). The volume of 
teak trees with dbh 60 cm and heights of 26, 35 and 50 m are 
2.10 m 3 , 2.86 m 3 and 4.11 m 3 , respectively (Tiwari 1992). In the 
present study, the volume of teak trees in 50-60 cm diameter 
classes was recorded between 2.333 m 3 -3.373 m 3 , which is fal¬ 
ling well within the reported range from India. 
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Table 4. Comparison of the present growing stock (m 3 /ha) values of Tectona grandis with the recorded values for other regions 


Variables 

Stems per 

hectare 

(stem-ha’ 1 ) 

Mean diame¬ 
ter (cm) 

Mean 

height (m) 

Age of plantations 

(years) 

Total basal area 

(nf-ha’ 1 ) 

Growing stock/Volume 
(nf-ha’ 1 ) 

Reference 

Australia 

1023 

13.4 

12.5 

12 

14.9 

62.3 

Reid and 

Stephen (2001) 

Costa Rica 

336 

40.2 

28.7 

20 

42.2 

695 



333 

47.8 

32.4 

30 

57.8 

770 

Perez (2005) 

DehraDun 

- 

- 

- 

- 

- 

372.4 

Shreshta (2003) 

Lampang 

843.8 

14.4 

15.5 

17 

15.3 

116.9 

Hiratsuka et. al. 

(North Thiland) 

543 

18.4 

17.7 

22 

17.5 

139.6 

(2005) 


The representation of population structure as percentage of in¬ 
dividuals by size class is the only workable method to analyze 
the status of the forest. The population structure of the forest 
stands in different sites (Fig. 3) reveals that forest stand at Tuirial 
is younger than those at Sairang and Phunchawng. This is further 
explained that the population density in lower diameter classes is 
high in Tuirial and Sairang sites, suggesting that the perpetuation 
of T. grandis is ensured for a quite long time in these forest 
stands. However, individuals in Phunchawng site had a decreas¬ 
ing population both towards the lower and higher size classes, 
which may indicate that the population of individuals at this site 
is on the verge of extinction (Benton and Warnar 1976). Diame¬ 
ter class distribution is an important population characteristic, 
which is a consequence of both natality and mortality. The ratio 
of various diameter groups in a population also determines the 
reproductive structure (Odum 1971). 
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Fig. 3 Population structure of teak forest stands at different locations 


as a guide, not as a prescription. An accurate estimation of the 
real saleable volume is necessary instead of the total standing 
volume of a plantation, for marketing projection purposes. 

Availability of growing stock per unit area is important infor¬ 
mation needed to evaluate, monitor and harvest the available 
natural resource efficiently and for the judicious management of 
the forest for future planning. The information obtained by the 
collection of ground data, provides accurate results, which is of 
immense value in the current scenario of global warming, for the 
assessment of standing biomass to estimate the degree of carbon 
sequestration by the forest, as the volume-to-biomass method is 
considered as a better estimation method of forest biomass 
(Brown et al. 1997; Fang et al. 1998; Fang et al. 2001; Pan et al. 
2004; Hu et al. 2007). Assessment of the potential of carbon 
storage in the forest requires species-level inventory of forests and 
plantations, as a consequence, it has become increasingly impor¬ 
tant to estimate the trunk volume and biomass for the purpose of 
carbon stock estimation. It has been recorded that a 5-year-old 
teak plantation contains 20-30 t C/ha (Potvin et al. 2004) and a 
20-year-old plantation harbors 120 t C/ha (Kraenzel at al. 2003). 
Further, the growing stock data could be utilized for the stands’ 
growth and yield models. The stand models use stand parameters 
such as basal area, volume, and parameters characterizing the 
underlying diameter distribution to simulate the stand growth and 
yield (Peng 2000). 
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